In 2006, IFREMER, with the help of the polling institute BVA, implemented a national pilot study of recreational fishing. Taking into account all the different fishing methods, from shellfish gathering to offshore angling, including spear-fishing, this study was designed to provide estimates of (i) the number of recreational fishers in France, (ii) recreational fishing effort; (iii) catches and landings; (iv) the economic impacts of recreational fishing, and to develop a classification of recreational fishers. A two-part method was adopted: a random-digit-dialing (RDD) survey combined with an on-site survey. The data collected from telephone and on-site surveys were compared and then used in combination to provide a reliable estimate of this growing activity in France. Recreational fishers are estimated at around 2.5 million, with the total catch estimated at 24,000 t of fish and 3100 t of shellfish. Fishing expenditure was estimated at between 1200 and 2000 million euros.
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1) Introduction 1 2
Interest in marine recreational fishing has grown in the last three decades, as studies have shown that 3 recreational fishing can be an important source of income for national economies (Haab et al. 2001 ).
4
Its impact on marine biodiversity is increasingly being recognized as potentially non-negligible, as a 8 Kerbiriou et al. 2008) . Policies aimed at controlling these impacts and reducing these conflicts require 9 a sound information base, which is lacking for recreational activities in most countries around the 10 world (Lee and Chang 2008). Recreational fishing is difficult to monitor due to the diversity of fishing 11 practices involved, and to the fact that the population concerned is often highly mobile (Pollock et al. 12 1994), on international, national, regional, and local levels. Large-scale information systems for 
22
The definition adopted here is the European Commission definition: -all fishing activities not conducted 
34
In France, recreational fishing is subject to only limited regulation; there is no licensing system or 35 registry of marine recreational fishers, and the activity has never been assessed on a national level 36 until the present study. Under the supervision of a national committee, a pilot study was carried out (Table 1) .
79
The questionnaire was in five sections (with a maximum of 89 questions), covering (1) marine fishing 
110
The range of final weights applied to individual observations varied between 0.25 and 2.94. Our
111
sampling frame seems to be reliably representative, as seen by comparing the characteristics of the 112 head of household in our sample (after adjustment) with those of heads of household in the French 113 population as a whole (Table 2) . 
115
obtain a relatively large sample. As in the telephone survey, these selection biases were accounted for
150
in the analysis of the data collected by applying weighting factors. Angling competitions were excluded 151 from the sampling frame, as they were deemed to introduce bias that would be difficult to measure
152
and correct.
153
The sample plan of the on-site survey was not randomized, as no sampling frame was available for 154 the scale of fishing trips. Rather, it was developed as a quota-based approach, using the information 155 collected via the telephone survey to determine the number of observations of fishing trips required
156
per type of fishing (Table 3 ). This included the description of the most recent fishing trip, which 157 included the type of fishing and the maritime region in which the trip had taken place, and also the 158 number of fishing trips during the previous year along with their distribution across the seasons. 
160
169
Full questionnaires were administered to fishers only if they had been fishing for at least an hour for 170 shore angling, or 30 minutes for shellfish gathering.
172
A total of 1775 interviews were carried out between July 2007 and July 2008 (Table 3) . Species were
173
identified by the interviewers, who were given training in species identification, but due to logistical 174 constraints and to avoid suspicion on the part of fishers, fish were not directly measured or 175 photographed. Interviewers had to estimate the weight and length of fish caught by visual observation.
176
The questionnaire for the on-site survey was based on the design used in the telephone survey, and
177
consisted of a maximum of 81 questions, focusing mainly on the current fishing trip of the fishers
Lastly, the data from the telephone survey were also sorted by fishing trip (Robson and Jones 1989) .
180
Each fisher received a weight proportional to the annual number of fishing trips taken. 
191
The two surveys were combined to obtain a first estimate of total catch per species and per group of 
222
The previous calculations were also done by species and by type of fishing, and were notated as
PR , … These detailed calculations were done for each type of fishing, but only for species 224
for which the number of observations was sufficiently high. 
249
-the costs of equipment and clothing for the activity, defined as investment costs
250
-the costs related to depreciation and maintenance of boats, defined as costs for boats.
251
Extrapolations based on the sample data were carried out as follows:
252
-First, we estimated the total number of fishers and calculated total investment costs.
253
-Second, we estimated the total number of vessel owners and calculated the total costs for 254 boats, which were then weighted by the rate of use of boats for fishing that were declared by 255 respondents (fishing trips as a percentage of total trips made with the boat).
256
-Third, we estimated the average number of fishing trips per fisher and calculated the overall 257 budget-related operating costs.
258
Data from both telephone and on-site surveys were used: 67% from phone and 33% from on-site 
263
The total amount of expenditure is expressed as
3) Results 
268
In this section, we present the key results obtained for France. 
310
We detail total fish catch by type of fishing and by species, highlighting the confidence interval ( Table   311 6). Average catch of fish per fisher was 10 kg per year -1 (Table 7) . The most sought-after species were 316 sea bass (19% of fishers), mackerel (12%), and pollack (12%). The proportion of the three main 317 species in total catch decreased from 67% to 43% when the two surveys were combined, as the on-
313
318
site survey provided details of catch for species that had not been captured in the telephone survey.
319
Rarer and less targeted species were observed and counted on-site, whereas they were often 320 forgotten by fishers in the RDD declarations (Figure 4) . This led to a final estimate of total catch of fish
321
( Table 7) that was higher in the combined survey results than in the telephone survey only.
322
Conversely, for other species groups (crustaceans, cephalopods, and shellfish), estimates of total 
363
-Expenses for specialized magazines were estimated at 0.30 € and concerned 74% of the trips.
364
The average magazine cost was 0.22 € for the total number of trips. (Table 9) . 
380
413
However, these figures must be used with caution since data collection methods are quite dissimilar.
415
The estimate of transport expenses (by boat or car) is robust (using mileage and number of liters 
426
Gathering national statistics on recreational fishing is becoming more and more mandatory, prompted 427 by the increase of this activity and its hypothetical impact.
428
However, as with all leisure and tourism activities, it is very hard to monitor recreational fishing 429 because the population of recreational fishers is mobile and highly heterogeneous. It is thus necessary 430 to test and improve new methodologies step by step, with a learning-by-doing approach. This French 431 pilot study was interesting to test, and identified the strengths and limits of a dual methodology using 432 telephone and on-site surveys.
434
The study has made it possible to define a benchmark that we will need for systematic follow-up of 
442
-Recreational fishing sites: this was developed using several data sets in combination drawn 443 from other studies, administration, local knowledge, and so on. Now we need to build a more 444 precise site-period matrix on each seaboard, in order to establish a reference state from which 445 the sample plan can be developed.
447
The RDD survey seems to be a cost-effective method that gives a good estimate of the proportion of 
467
The difference between the reported weights of fish is due to the fact that the diversity of fish species 
472
However, by cross-referencing the data from both surveys, we get a much better estimate of the total 473 catch for the main species. One limitation of this method is that the data from both surveys are not 474 numerous enough to provide a precise estimate of the catch of the less targeted species. The number 475 of observations of those rare species is too low to allow for extrapolation.
477
Additional biases in both telephone and on-site surveys can be noted:
478
The telephone survey reached occasional fishers more easily than the on-site survey, because they 479 come to fish less frequently. In this population, probably less used to assessing the volume and weight 
482
The telephone survey also samples households, hence individuals, whereas the on-site survey 483 samples fishing trips. In order to combine the two databases we have used one statistical unit, the 484 individual trip.
485
Another bias of the telephone survey that is difficult to correct is that a (low) percentage of households 486 has no home telephone. These may represent special categories (those with only a cell phone, those 487 who move a lot, those without access to a telephone, etc.) that are undercounted.
488
But the on-site survey also displays bias: both the avid fishers and the very occasional fishers are 
494
5) Conclusion 495 496
This study provides a first comprehensive view of recreational fishing in France, covering all types of 497 fishing. The most common type is definitely shellfish gathering. However, the volume involved is small,
498
as most fishers make only one or two fishing trips a year. Shellfish gathering is an occasional and low-499 intensity activity; by contrast, angling on shore and from boats accounts for 24,500 tonnes of fish 500 annually.
502
This new information has substantial importance for improving the governance of marine social-503 ecological systems. It is now more and more mandatory to produce national statistics on recreational 504 fishing, due to the increase in this activity and its presumed impact. It is a genuinely new research 505 topic, and it is thus necessary to test and improve new methodologies step by step, using a learning-506 by-doing approach. This pilot study in France was interesting to test, and has identified the strengths 507 and limits of a methodology using both telephone and on-site surveys. We have noted that on-site 
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